Abstract. The performance of hot rolling steel plates depends on the cooling process after hot rolling. One important point of improving the technology of controlled cooling after rolling is understanding the effect of process parameters. Heat transfer coefficient is a significant physical parameter during the cooling process. In this paper, a mathematical model of inverse heat conduction problem was built and the laminar cooling process was studied by experiment. The main works included data acquisition, inverse heat conduction problem model and verification of algorithms. The research results show that the rate of cooling is proportional to the cooling water flow, and the effect of cooling water flow to the measure point that near the periphery is greater than the point inside. The Conjugate Gradient Method and the Genetic Algorithm are appropriate for the nolinear inverse heat conduction problem, which is proved by examples. And the computational accuracy used the measure point that near the periphery is higher than the point inside.
Introduction
Laminar cooling process is the last process before the finished hot rolling production. This process is very important and it directly decides the quality of the final products. The key of quality improvement is to develop a cooling strategy through accurate calculation with the laminar cooling process model [1] [2] . One of the major physical property parameters that decide the precision of the model is the water cooling heat transfer coefficient. However, the traditional way of calculating the coefficient which is dependent on empirical formula cannot ensure the precision [3] [4] . Therefore, an experimental study like this is needed. Fig.1 shows some equipment diagram of the laminar cooling area. In this paper, the mathematical model of inverse heat conduction problem is set up and the laminar cooling process is studied by experiment [5] [6] . The temperature data of three measure points during the laminar cooling process is acquired by thermocouples and the temperature acquisition device. The effects of cooling water flow are considered. The two-dimensional transient heat transfer model is built by finite difference method based on the heavy plate laminar cooling theory. The validity of three models based on the experiment data is verified. Advantages and disadvantages of different methods in solving the inverse heat conduction problem are analyzed. The effects of measuring point position are considered. Fig.2 shows the experiment equipment. 
Data Acquisition Experiment
The multi-channel temperature data collection system is built on ADAM-4018 temperature data acquisition modules. This dissertation uses ADAM-4018 temperature data acquisition modules to transfer the real-time analog data into digital data and transmit it to upper computer through RS-232/RS-485 serial port. During the cooling process, the upper computer uses VB 6.0 to display, store, real-time monitor and it acquire the temperature data of the internal points which are 7.5mm, 15mm and 22.5mm from the upper surface of the steel plate. Fig.3 shows the test specimen and the drilling program. There are three holes in different deeps. Simulation study on the processes of the experiment. Using COMSOL software to develop a heat transfer model, this dissertation analyzes the influences of punching on the temperature field of the steel plate sample based on the punch location, aperture and other relevant factors. Based on the analysis, it is decided to punch holes on the side of the steel plates to place thermocouples. The thermocouples that measures temperature in this experiment are k-type thermocouples (nickel-chromium/nickel-silicon). Fig.4 shows the temperature difference curves of the three points calculated by COMSOL software. The maximum temperature difference is less than 4 C  and it is allowable for the experiment. T is the measured temperature of the test point i ( ). The basic idea of genetic algorithm is to select the initial population, crossover, mutation and other operations, and select the optimal solution of the problem. Roulette selection method is adopted as the selection operator by taking the crossover operator 0.9, and the mutation operator 0.1. The fitness function is as the following:
Non-iterative Method is that based on the matrix equations of heat conduction problem, the matrix equations of the inverse problem are obtained by the linear transformation of the unknown quantity of the new boundary conditions introduced, and the parameters to be computed are got by solving the matrix equations of the inverse problem. The finite element method is used to solve the heat conduction problem. The eventual matrix equations are as the following:
where [K] is temperature stiffness matrix, [N] is unsteady temperature matrix, {T} is column vector of unknown temperature value, {P} is column vector consisting of right end items.
By introducing the unknown quantity of the new boundary conditions, the matrix equations of the inverse problem are solved. The eventual matrix equations are as the following:
where   t Tq is unknown vector.
Verification of Algorithms and Conclusions
The validity of three models based on the experiment data is verified. Advantages and disadvantages of different methods in solving the inverse heat conduction problem are analyzed. The effects of measuring point position are considered. In the experiment, we find that the positions for measuring the temperature are required for the Non-iterative Method, and so further research is needed for the third method. Tab. 1 and Tab. 2 show the measured temperature and the calculated temperature by the first two methods. The results show that the rate of cooling is proportional to the cooling water flow, and the effect of cooling water flow to the measure point that near the periphery is greater than the point inside. The Conjugate Gradient Method and the Genetic Algorithm are appropriate for the no-linear inverse heat conduction problem, which is proved by examples. And the computational accuracy used the measure point that near the periphery is higher than the point inside.
